ABSTRACT Weeds and their inßuence on pest and natural enemy populations were studied on a commercial ornamental farm during 2009 in the Atlantic Zone of Costa Rica. A baseline survey of the entire production plot was conducted in February, along a 5 by 5 m grid to characterize and map initial weed communities of plants, cicadellids, katydids, and armored scales. In total, 50 plant species from 21 families were found. Seven weed treatments were established to determine how weed manipulations would affect communities of our targeted pests and natural enemies. These treatments were selected based on reported effects of speciÞc weed cover on herbivorous insects and natural enemies, or by their use by growers as a cover crop. Treatments ranged from weed-free to being completely covered with endemic species of weeds. Although some weed treatments changed pest abundances, responses differed among arthropod pests, with the strongest effects observed for Caldwelliola and Empoasca leafhoppers. Removal of all weeds increased the abundance of Empoasca, whereas leaving mostly cyperacaeous weeds increased the abundance of Caldwelliola. Weed manipulations had no effect on the abundance of katydid and scale populations. No weed treatment reduced the abundance of all three of the target pests. Differential responses of the two leafhopper species to the same weed treatments support hypotheses, suggesting that noncrop plants can alter the abundance of pests through their effects on arthropod host Þnding and acceptance, as well as their impacts on natural enemies.
Competition between crops and weeds for water, light, and nutrients has made weed management integral to the development of crop production systems. However, weeds and other noncrop plants, such as cover crops, can also affect the distribution and abundance of insects in crop Þelds by altering the capacity of pests to Þnd and accept crops as hosts, or by inßu-encing the capacity of natural enemies to reduce pest populations (Altieri 1988 , Bugg and Waddington 1994 , Norris and Kogan 2000 , Tillman et al. 2004 , Capinera 2005 , Landis et al. 2005 , Broad et al. 2008 , Barbosa et al. 2009 ). Weeds and other noncrop plants can obscure visual and olfactory cues that limit the ability of insects to Þnd hosts and may produce volatile organic compounds that induce crop plant defenses (Barbosa et al. 2009 ). Weeds and other noncrop plants also provide diversiÞed habitats, which offer a wide variety of resources, including alternative prey, plant food sources, optimal microclimates, and refugia for natural enemies that can reduce pest abundance (Norris and Kogan 2000; Landis et al. 2000 Landis et al. , 2005 . Therefore, the manipulation of weed communities has potential to promote associational resistance in crops to key pests.
Dracaena marginata Lamoureaux (Asparagaceae), an important ornamental foliage crop, provides an opportunity to study insect population dynamics and the impact of weed management on herbivorous arthropods. Native to Asia and Africa, this species is grown in most tropical regions of the world for export as rooted cuttings for propagating indoor house plants. In Costa Rica, Dracaena is grown as a perennial plant and propagated for sale as bare canes, rootless shoot tips, branches, and rooted plants (Acuñ a et al. 1991) . These plants are grown in full sun and pruned to induce the continuous production of shoot tips on stems of various sizes over the 15-yr life of the crop. The primary insect pests in Dracaena are from three families: Cicadellidae (leafhoppers), Tettigoniidae (katydids), and Diaspididae (armored scales). Leafhoppers are a diverse group of obligate-sucking herbivores with a wide range of hosts in crops and non-crop habitats (Nault and Rodriguez 1985, Mizell et al. 2008) . Katydids are an assorted group of chewing insects that are largely herbivorous but include many facultative predators. They are mostly present in grasslands and weedy areas, and typically feed on either grasses or forbs, although some species feed on both (Joern 1979, Squitier and Capinera 2002) . Armored scales are sap-feeding insects with a wide range of host plants (Beardsley and Gonzalez 1975, Miller and Kostarab 1979) . Despite leafhoppers and katydids having high dispersal capacities, armored scales are sessile for most of their life. Although these pests can attack Dracaena, they cause relatively minor direct damage. However, they are regulated pests and their presence in foliar shoot tips, which may not be detectable until eggs hatch, can block the entry of Dracaena shipments into the United States and other markets (Shea 2012) .
In previous research, we found that the frequency of herbicide use was negatively associated with the abundance of cicadelline and proconiine leafhoppers (Prado et al. 2008 ). This suggests that weed management has potential for reducing pest abundance in Dracaena. However, we are aware of no published research that addresses the effect of weed management, particularly the manipulation of weed species composition and abundance, on insect pests in Dracaena. The objective of this study was to evaluate the response of pest populations and their natural enemies to the presence of weeds in Dracaena production Þelds. In particular, we asked two questions: 1) Does existing weed composition inßuence the abundance of arthropod pests and natural enemies? 2) Can manipulation of weed communities based on the known properties of weeds signiÞcantly reduce the abundance of targeted pests?
Materials and Methods

Description of Field Site and Survey Methods.
Weeds and their inßuence on insect populations were studied on a 10-yr-old commercial ornamental farm in the Atlantic Zone of Costa Rica during 2009. A baseline survey was conducted in February, to characterize and map the original weed communities as well as pest abundances before the initiation of the weed cover treatments described below. A 10,000 m 2 (200 by 50 m) area containing D. marginata (var. Verde), to which insecticides had not been applied for Ͼ5 yr before the start of the study, was sampled systematically by sectioning it into 5 by 5 m grids, using the line intersections to deÞne the sampling points. Samples were excluded if these points fell in a drainage ditch or path. We placed a 0.25-m 2 frame at each sample point in which we estimated the percentage cover, and counted the number of plants of each species. Frequency was calculated by dividing the number of quadrats containing a species by the total number of quadrats. Density and percentage cover of species were averaged only for quadrats containing the species. Not all plants could be identiÞed to species; these plants were identiÞed to genus or, in the case of a few grasses, to family.
To estimate the abundance of pests and natural enemies on D. marginata, nine marketable plant tips were selected from plants within 1 m of each of the sampling points described above. Tips were considered marketable when leaves reached a length of 25Ð30 cm, around 14 Ð16 wk after pruning. Each tip was removed, placed into a plastic bag, and transported to the laboratory to count leafhopper and katydid eggs under a dissecting microscope. The apparent rate of parasitism was assessed by counting the number of eggs with parasite emergence and dividing by the total eggs found for each taxon. The abundance of armored scale insects (Chrysomphalus aonidum L.) per tip was measured by counting the number of infested leaves. Previous work (Prado et al. 2008) found that the number of leaves with scales was a reliable estimator of their abundance.
Weed Cover Experiment. Seven treatments (Table  1) to determine how weed communities would affect our targeted pests and natural enemies were arranged in a completely randomized design with 10 replications, the previously described green D. marginata plantation. Each experimental plot was 10 by 10 m in size and contained 370 plants, with a spacing of 0.30 m within and 0.90 m between rows. The treatments were selected to represent grower management practices (complete weed removal and no weed control, i.e., weed-free and weedy, and a Drymaria cordata L.-dominated weed community) and weed communities dominated by families believed to affect our target insects (Poaceae, Cyperaceae, Rubiaceae, and ßow-ering broadleaves; see Table 1 for details). The latter four treatments were comprised species that were found on a majority of quadrats during our initial Þeld sampling. Weed communities were primarily established with the judicious use of herbicides (Table 1) but some transplanting and manual weeding was required. Thus, our experimental design allowed us to compare weed communities with interesting characteristics that could be established by growers. Treatments were considered established when the coverage of the targeted weed species reached at least 70%. The weed coverage was estimated from three randomly placed 0.25 m 2 quadrats within each plot; plots were sampled every 2 wk until they reached the desired weed coverage. Weed communities reached this mark in all plots by May 2009.
In October 2009, the abundance of weeds, arthropod pests, and natural enemies in each plot was characterized according to procedures similar to those described for the baseline study. Nine commercial plant tips were selected within 1 m of a sampling point at the center of each 10-by 10-m experimental plots. Each tip was visually inspected for numbers of leafhopper nymphs, as well as spiders and other predacious arthropods. Plant tips were taken to the laboratory where they were dissected to count leafhopper and katydid eggs and parasitism rate under a microscope. Armored scale abundance was recorded as the number of leaves infested with C. aonidum.
Because of the small egg size and concealed oviposition inside plant tissue, oviposition frequency of Em- Weed-free Effects of total weed elimination.
All weeds eliminated using herbicides: Glyphosate (Ranger 24 SL) and Difenil-eter-oxißuorfen (Goal 24 EC) and additionally using manual control when necessary.
Weedy Effects on endemic, unmanipulated weed populations.
Free growth of weeds allowed.
Other species
• Some growers use as cover crop.
Other weeds were controlled using Glyphosate (Ranger 24 SL) and Fluazifop-p-butil (Fusilade 12.5 EC) with additional manual control when necessary.
Drymaria cordata (51%)
• Repels sharpshooters (Proconiini) (Pé rez 2007).
Cardamine bonariensis (14%)
• Host to katydid (Rivera 1988, Vinokurov and Rubov 1930) .
Peperomia pellucida (8%)
• Repels Empoasca leafhoppers (Lamp et al. 1994 , Roda et al. 1997a ,b, Aguyoh et al. 2004 ).
Broad leaved weeds were eliminated with herbicides: Picloram-Fluroxypyr (Plenum 16 EW), Metsußuron methyl (Met-Weed 60 WG.), and manual control when necessary.
Eleusine indica (72%) Digitaria (15%) Other species Ͻ5% (13%)
• Host to katydid (Joern 1979 , Kemp et al. 1990 , Squitier and Capinera 2002 .
• Host to sharpshooter ( 
Cyperus sp. (40%)
• Repels Empoasca (Lamp et al 1994) .
Cyperus tenuis (37%)
Kyllinga brevifolia (21%) Other species Ͻ 5% (2%) Rubiaceae • Attractant to sharpshooters (Proconiiine) (Pé rez 2007).
Predominantly weeds from the Rubiaceae family (Spermacocelatifolia). Other groups were controlled with Fluazifop-p-butil (Fusilade 12.5 EC) and manual control when necessary.
Spermacoce latifolia (88%) Phyllanthus urinaria (10%)
Other species Ͻ5% (2%)
• Host to Caldwelliola (McKamey 2006) . Empoasca (Maes and Godoy 1993) .
Flowering broad-leaf plants (Scrophulariceae and Asteraceae) • Attracts natural enemies of all three pest groups due to presence of ßowers and extraßoral nectaries (Villalobos 2007 ).
• Host to katydid (Joern 1979) .
Herbicide Fluazifop-p-butil (Fusilade 12.5 EC) and manual control were used to maintain the weed selection.
Other species with individual coverage below 5% were grouped in this category.
poasca sp. was determined separately by collecting 10 leaves between 10 Ð15 cm in length from each growing tip and staining them. Each leaf was submerged in a solution of chloroform, methyl alcohol, and lactic acid (1:1:1) plus 0.5% acid fuchsin for 72 h, then allowed to clear for 24 h in 70% ethyl alcohol. This procedure colored the Empoasca eggs bright pink and gave good contrast for easy detection in the stained leaf. This stain also made it possible to ascertain whether or not the egg was hatching, had hatched, or if parasitic wasps had emerged leaving a round exit hole on the leaf surface. Statistical Analysis. Baseline associations between the abundance of selected weed taxa, arthropod pests, and natural enemies before weed manipulation were determined by conducting SpearmanÕs correlations. Weed taxa included in these analyses comprised more than half of the Þnal weed coverage of treatments described below.
The relationship among weed treatments and total number of leafhopper eggs and proportion of eggs parasitized were compared with analysis of variance (ANOVA) under general and mixed model frameworks to take into account the lack of homogeneity of variances and correlations among experimental units. We used the AkaikeÕs information criterion and the Bayesian information criterion (BIC) to select the best-Þtted model (smaller is better for both criteria). In case these criteria were not conclusive, a likelihood ratio test was performed to decide between competing models. Appropriate variance and correlation functions were used when needed to account for variance heterogeneity and lack of independence. Other variables (Empoasca eggs, parasitized Empoasca eggs, katydid eggs, armored scales, and predatory insects), which did not Þt normality assumption, were analyzed using generalized linear mixed models (Poisson), using the canonical link function (Agresti 1990) .
To compare means (in case of generalized linear models, the comparison is made in the scale of the linear predictor) we used the Fisher least signiÞcant difference test (LSD) (signiÞcance level ϭ 0.05) for pairwise comparisons and orthogonal contrasts to test more speciÞc hypotheses. Data were analyzed using linear mixed effects (lme) and random linear mixed effects (lmer) functions of the nlme (Pinheiro et al. 2013 ) and lme4 
Results
Baseline Survey. Fifty weed species from 21 families were present in the D. marginata Þeld (Table 2) . Most species (46 of the 59 species) were found in fewer than 10% of the quadrats. However, four broadleaf species (Spermacoce latifolia, Lindernia diffusa (L.), Phyllanthus urinaria (L.), and Youngia japonica (L.)) were found in 60% or more of the quadrats. The dominant species in our weed treatments varied substantially in frequency of occurrence. S. latifolia and L. diffusa were found in 97 and 73% of all quadrats. Sedge species (Cyperaceae) and Eleusine indica (L.) Gaertner, an annual grass, were found on 68 and 34% of all quadrats, respectively. D. cordata was found in 13% of the quadrats. Our baseline surveys indicated few signiÞcant (Table 4 ). The percentage of parasitism shown during the sampling was also higher than observed during the baseline sampling, with an average of 90% Ϯ 19 per tip.
Microhymenopteran wasps from the genus Gonatocerus (Hymenoptera: Mymaridae) were found parasitizing the leafhopper eggs identiÞed in the Þeld. The composition of weed cover had an effect on the abundance of the total number of Caldwelliola leafhopper eggs (F ϭ 7.03; df ϭ 6,63; P ϭ Ͻ0.0001). The highest numbers of eggs per tip were found in the Cyperaceae (Cyp) treatment (4.20) followed by the Poaceae treatment (3.51; Table 4 ). Orthogonal contrasts indicated that the narrow-leaf treatments (Poaceae and Cyperaceae) also produced plants with more eggs per tip (3.86 Ϯ 0.47) than those that had broad leaves (1.74 Ϯ 0.17; D. cordata (Drymaria), Rubiaceae, and ßowering broad leaves; F ϭ 18.02; df ϭ 1,63; P Ͻ 0.0001). These weed treatments also affected rates at which Caldwelliola leafhopper eggs were parasitized. Orthogonal contrasts indicated that the proportion of parasitized eggs in the broad-leafed group (0.83 Ϯ 0.05) was lower than in the narrow-leaf treatments (0.96 Ϯ 0.01; F ϭ 6.88; df ϭ 1,63; P Ͻ 0.0010). The lowest rate of parasitism (0.75 Ϯ 0.08) was found on eggs recovered from plants in the Rubiaceae treatment (Table 4) .
Most of the predators (90.6%) observed were spiders (Order: Aranae) but lacewings (Chrysopidae), mantids (Mantidae), and ladybird beetles (Coccinellidae) were also present. Orthogonal contrasts showed that D. marginata tips from weed-free plots had signiÞcantly lower ( 2 ϭ 4.99; df ϭ 1,63; P ϭ 0.0256) predators per tip (0.50 Ϯ 0.31) than all the other treatments combined (0.98 Ϯ 13). Plots with weeds in the Rubiaceae family had the lowest number of predators per tip in comparison to the other treatments with weeds (0.30 Ϯ 0.14; Table 4 ).
Weed cover treatments had a signiÞcant effect on the abundance of Empoasca leafhopper eggs on D. marginata, ( 2 ϭ 23.33; df ϭ 6,63; P ϭ 0.0007) but no Weed-free 10 2.36 Ϯ 0.33bc 0.94 Ϯ 0.01a 4.07 Ϯ 2.05a 0.06 Ϯ 0.03a 0.60 Ϯ 0.27a 3.10 Ϯ 0.62a 0.50 Ϯ 0.31a Weedy 10 2.12 Ϯ 0.42bc 0.98 Ϯ 0.01a 2.83 Ϯ 1.33abc 0.15 Ϯ 0.05a 1.50 Ϯ 0.48a 2.20 Ϯ 0.51a 1.00 Ϯ 0.33a Drymaria 10 1.46 Ϯ 0.21c 0.88 Ϯ 0.08ab 3.40 Ϯ 1.42ab 0.01 Ϯ 0.01a 1.70 Ϯ 0.68a 3.50 Ϯ 0.75a 1.60 Ϯ 0.50a Poaceae 10 3.51 Ϯ 0.84ab 0.95 Ϯ 0.01a 2.37 Ϯ 1.70bc 0.12 Ϯ 0.04a 1.50 Ϯ 0.48a 2.90 Ϯ 0.64a 0.90 Ϯ 0.28a Cyperaceae 10 4.20 Ϯ 0.42a 0.96 Ϯ 0.01a 1.83 Ϯ 1.40bc 0.12 Ϯ 0.06a 1.90 Ϯ 0.53a 3.60 Ϯ 0.88a 1.10 Ϯ 0.23a Rubeaceae 10 1.68 Ϯ 0.25c 0.75 Ϯ 0.08b 1.33 Ϯ 1.38cd 0.05 Ϯ 0.03a 2.10 Ϯ 0.85a 3.00 Ϯ 0.58a 0.30 Ϯ 0.15a Flowering broad-leaf 10 2.10 Ϯ 0.38bc 0.86 Ϯ 0.08a 1.67 Ϯ 0.75bc 0.13 Ϯ 0.06a 1.40 Ϯ 0.43a 4.00 Ϯ 0.88a 1.00 Ϯ 0.30a Treatment a effect, df ϭ 6,63
F ϭ 2.39 2 ϭ 23.33 2 ϭ 4.34 2 ϭ 10.41 2 ϭ 6.56 2 ϭ 12.56 P Ͻ 0.0001 P ϭ 0.0384 P ϭ 0.0007 P ϭ 0.6308 P ϭ 0.1086 P ϭ 0.3631 P ϭ 0.0507 a Experiment wise comparison was made using the best Þt model based on AkaikeÕs and Bayesian information criteria and a likelihood ratio test. An F test was used for general linear models and a 2 was for Poisson regression models. Means followed by the same letter are not signiÞcantly different according to a Fishers protected LSD at P Ͻ 0.05. Adults refer to numbers of individuals caught on yellow sticky cards in a 48 h period during Oct. 2009. Treatments include the following types of ground cover: Weedy, Weed-free, Drymaria, Poaceae, Cyperaceae, Rubiaceae, ßowering broad leaf. signiÞcant effect on the number of parasitized eggs found across treatments ( 2 ϭ 4.34; df ϭ 6,63; P ϭ 0.6308; Table 4 ). When compared by orthogonal contrasts, the weed-free treatment yielded plant tips with signiÞcantly more eggs than the other treatments with weeds ( 2 ϭ 16.24; df ϭ 1,63; P Ͻ 0.0001; Table 4 ). Orthogonal contrasts indicated that the number of Empoasca eggs on tips of Dracaena plants did not differ between the broad-(2.13 Ϯ 0.06) and narrow-leafed (Cyperaceae and Poaceae) (2.10 Ϯ 0.12) weed treatments ( 2 ϭ 0.20; df ϭ 1,63; P ϭ 0.94). Katydid eggs collected in the Þeld were identiÞed to two genera, Microcentrum and Conocephalus. Pairwise comparisons did not reveal any differences in the number of katydid eggs among treatments. However, an orthogonal contrast indicated that the number of eggs found in weed-free plots (0.60 Ϯ 0.27 per tip) was marginally lower ( 2 ϭ 3.35; df ϭ 1,63; P ϭ 0.067) than all the other treatments with weeds except those in the Rubiaceae (1.64 Ϯ 0.24 per tip). The numbers of leaves infested with armored scales (primarily Florida red scale, C. aonidum) did not differ among treatments (Table 4 ). The number of scale-infested leaves per tip in weed-free treatments (3.10 Ϯ 0.62) was not significantly different ( 2 ϭ 0.71; df ϭ 1,63; P ϭ 0.40) from all other treatments with weeds (3.20 Ϯ 0.29).
Discussion
The weed community in our D. marginata study site contained a diverse array of species typical of what can be found in other Dracaena farms along the Atlantic side of Costa Rica (Villalobos 2007) . Our insect surveys before and after weed manipulation indicate that weed communities can inßuence the abundance of some pests and natural enemies within a production Þeld. The strongest effects were observed for Caldwelliola and Empoasca leafhoppers. Differential responses of the two leafhopper species to the same weed treatments support hypotheses suggesting that noncrop plants can alter the abundance of pests through their effects on arthropod host Þnding and acceptance, as well as their impacts on natural enemies (Andow 1991 , Barbosa et al. 2009 , Gunton 2011 . Weed manipulations had no effect on the abundance of katydid and scale populations.
Undisturbed weed communities failed to increase the abundance of any of the pests we monitored (Table 4). Our data on the abundance of pests before our weed manipulation revealed weak, but positive, relationships between coverage of weeds in the Cyperacae family with Caldwelliola leafhoppers, kaytidids, and armored scales (Table 3) . Caldwelliola leafhoppers also had a slight, but positive relationship with weed species in the Poaceae. However, weed coverage never explained Ͼ4% of the variation observed. This suggests that the matrix of undisturbed tropical weeds could interact in ways that dampen the impact of any one group of weeds. This Þnding is consistent with reports in other systems, which suggest that mixing weeds does not necessarily produce additive effects on arthropods (Bennett and Gratton 2013) .
Similarly, the elimination of all weeds caused no signiÞcant changes to most of the arthropod pests relative to their abundance in undisturbed weed plots. One notable exception was the increase in the abundance of Empoasca. Members of this genus (Empoasca Fabae Harris) are known to have a broad host range and are capable of short ßight (Roltsch and Gage 1990, Lamp et al. 1994 ). However, their small size relative to the larger and more robust Caldwelliola reservata could make it difÞcult for them to navigate between shoot tips nested among the tall weeds. Visual and physical blocking has been postulated as a mechanism by which neighboring noncrop plants impede colonization of crop hosts (Barbosa et al. 2009 ). Physical removal of these tall weeds might make it easier for Empoasca to lay eggs on Dracaena shoot tips. Increased abundance of E. fabae has been reported in other systems where noncrop plants have been eliminated (Letourneau 1990 , Buckelew et al. 2000 , Takim and Uddin 2010 .
The Drymaria ground cover had opposite effects on Empoasca and Caldwelliola leafhoppers. The low growing habit of this weed might make it easier for Empoasca to move between Dracaena shoot tips thereby increasing the abundance of Empoasca eggs. This is consistent with our explanation for increased eggs in weed-free plots. The decreased abundance of Caldwelliola eggs in this treatment could be explained by two mechanisms. First, as a known repellant to proconiine leafhoppers, Drymaria could interfere with orientation to the host plant. Second, Drymaria was associated with an increased abundance of spider predators (Table 4) . Spiders have been shown to be an important predator of delphacid planthoppers in other systems (Finke and Denno 2002) .
There was a modest but not statistically signiÞcant decrease in the abundance of Caldwelliola and Empoasca leafhoppers in the Rubiaceae treatment. Weeds in this family are known to be hosts to both Caldwelliola and Empoasca (McKamey 2006, Maes and Godoy 1993) . As such, they may have reduced the number of eggs on Dracaena by either acting as a decoy or drawing some eggs away from Dracaena plants (Yamamura 1999 , Barbosa et al. 2009 .
Caldwelliola egg numbers increased in the Cyperaceae and Poaceae treatments (Table 4) . These differences are difÞcult to explain in terms of how these plants affect herbivore orientation to Dracaena plants because Cyperaceae were shown to repel and Poaceae were shown to attract proconiine leafhoppers (Perez 2007) . Similarly, Caldwelliola abundance could not be explained by changes in predation because both these plots had approximately twice the number of predators as the weed-free plots. Parasitism was high in both treatments because samples were taken in the October rainy season when rates of parasitism are typically high among leafhoppers (Mizell et al. 2008 , Hidalgo et al. 2013 .
The ßowering broad-leaf plants harbored more natural enemies than the weed-free plots but did not harbor signiÞcantly more predators or natural enemies than the weedy treatment or any other treatment except for Rubiaceae. Thus, despite selecting for plants that could provide ßower and nectar sources for natural enemies, the ßowering broad-leaf plants weed treatment failed to provide more habitat and resources than most of the other weedy treatments. Nevertheless, the elevated levels of predators in most treatments with weeds support the generally held understanding that weed communities can enhance biological control (Jonsson et al. 2008 ). Failure to Þnd elevated levels of biological control in these treatments suggests that we need to learn more about the biology of each pest to effectively reduce its abundance through weed manipulation.
In conclusion, we can say that while weed communities have the potential to inßuence pest abundance in a perennial crop like Dracaena, we were unable to Þnd a combination of weeds that could signiÞcantly reduce the abundances of targeted pests of Dracaena. Although our efforts did not explore all possible weed manipulations, we found that simple removal of all weeds or leaving mostly weeds in the Cyperaceae treatment could actually increase the abundance of speciÞc pests relative to the unmanipulated weed population. For this reason further knowledge about the biology of pests in relation to weeds is needed to develop strategies that complement arthropod pest management programs.
